The effectiveness of plant growth -promoting bacteria is variable under different biotic and abiotic conditions. Abiotic factors may negatively affect the beneficial properties and efficiency of the introduced PGPR inoculants. The aim of this study was to evaluate the effect of plant growth -promoting rhizobacteria on plant growth and on the control of foot and root rot of tomatoes caused by Fusarium solani under different soil salinity conditions. Among the five tested strains, only Pseudomonas chlororaphis TSAU13, and Pseudomonas extremorientalis TSAU20 were able to stimulate plant growth and act as biological controls of foot and root rot disease of tomato. The soil salinity did not negatively affect the beneficial impacts of these strains, as they were able to colonize and survive on the roots of tomato plants under both saline and non-saline soil conditions. The improved plant height and fruit yield of tomato was also observed for plants inoculated with P. extremorientalis TSAU20. Our results indicated that, saline condition is not crucial factor in obtaining good performance with respect to the plant growth stimulating and biocontrol abilities of PGPR strains. The bacterial inoculant also enhanced antioxidant enzymes activities thereby preventing ROS induced oxidative damage in plants, and the proline concentrations in plant tissue that play an important role in plant stress tolerance. Ó 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
The increase in harsh abiotic stresses such as drought, salinity and abrupt changes in temperature are part of the main consequences of climate change. These stresses have led to loss of soil organic matter and other forms of soil degradation that negatively affect agricultural productivity (Ahmad et al., 2015) . Another important consequence of climate change and abiotic stresses is the increased infection/infestation of plants by pathogens and pests (Chakraborty, 2013) . Intensive research attempts are underway to improve plant growth, and tolerance to various abiotic stresses, and to protect plants from soil borne pathogens using plant growth promoting rhizobacteria (PGPR) which have great potential for sustainable crop production (Lugtenberg and Kamilova, 2009; Berg and Martinez, 2015; Egamberdieva et al., 2015a Egamberdieva et al., , 2015b Egamberdieva et al., , 2016 .
Root associated microbes, including endophytes, closely cooperate with each other and can mediate important physiological processes, especially nutrient acquisition and plant fitness to abiotic stresses Abd_Allah et al., 2015) . Plants inoculated with PGPR produce more root hairs and take up mineral and microelements more efficiently from the soil. The growth of several plants is enhanced by PGPR treatment, e.g. lentil (Lens esculenta) (Faisal, 2013) , pea (Pisum sativum L.) (Meena et al., 2015) , cucumber (Cucumis sativus), (Egamberdieva et al., 2011) , rice (Oryza sativa) (Yadav et al., 2014) and soybean (Glycine max) (Egamberdieva et al., 2015b) . PGPR also induces systemic tolerance to various abiotic stresses in plants such as salinity, drought and heavy metals through alteration of plant physiology (Wang et al., 2012) . The beneficial traits of plant growth promoting bacteria include the ability to synthesize biological active compounds such as plant growth stimulators (Parray et al., 2016; Egamberdieva et al., 2017) , osmolytes , antifungal compounds (Landa et al., 2004) , and 1-aminocyclopropane-1-carboxylate (ACC) deaminase enzyme (Ali et al., 2014) . The strain Pseudomonas was able to suppress soybean root disease caused by fungal pathogens (Susilowati et al., 2010) and showed antagonistic activity against several fungal pathogens, such as Fusarium oxysporum, and Rhizoctonia solani. In another study, P. agglomerans and Bacillus sp. reduced the charcoal root rot of soybean caused by Macrophomina phaseolina under greenhouse conditions (Vasebi et al., 2013 ). An induced systemic resistance in plants against foliar pathogens by PGPR was also reported (Choudhary et al., 2007a (Choudhary et al., , 2007b . In addition some reports have suggested that some PGPR induces systemic tolerance (IST) in plants through elevated antioxidant responses at the levels of enzyme activity and metabolite accumulation (Hashem et al., , 2016 Jha et al., 2011) . The antioxidant defence system plays a major role in plant adaptation to salinity stress that allow the scavenging of reactive oxygen species (ROS) (Ahanger et al., 2014) .
The variability in the effectiveness of biologicals is of concern when used under different conditions or cropping systems. Hostile environmental conditions are deleterious for the root associated microbiome and effective functioning of the introduced PGPR inoculants (Landa et al., 2004) . In earlier studies Landa et al. (2001) observed an effect of temperature on plant growth and biological control ability of PGPR Pseudomonas fluorescens. In their study fusarium wilt of chickpea was suppressed by these rhizobacteria at 30°C, but not at 25°C at which temperature disease potential was high. Interestingly this suppression was related to the production of extracellular metabolites that inhibit F. oxysporum, and the root colonization and plant growth stimulating abilities of rhizobacteria, which was higher at 30°C (Landa et al., 2004) . In this study, we evaluated the effect of plant growth promoting rhizobacteria on plant growth and on the control foot and root rot disease of tomato caused by Fusarium solani under different conditions of soil salinity.
Materials and methods

Soil, seeds and bacterial strains
The soil used for pot experiments was selected from deep tillage (0-40 cm) irrigated agricultural fields in the Tashkent (non-saline, EC 1.3 dS m
À1
) and Syr-Darya Provinces (affected by salinity, EC 7.1 dS m À1 ) of Uzbekistan. Soils with an EC of greater than 4.0 dS m À1 soil were considered saline. The characterisation of the experimental soil used in the current study are described in Table 1 . Tomato seeds (Lycopersicon esculentum cv. Bella) were obtained from Enza Zaden, the Netherlands. The bacterial strains Pseudomonas putida TSAU1, P. extremorientalis TSAU6, P. chlororaphis TSAU13, P. extremorientalis TSAU20, and P. aurantiaca TSAU22 were obtained from the culture collection of the Faculty of Biology, National University of Uzbekistan. These strains were previously isolated from the rhizosphere of wheat grown in salinated soil (Egamberdieva and Kucharova, 2009 ). All Pseudomonas strains were grown on King's B agar medium (KB; Difco Laboratories, Detroit, MI, USA) at 28°C. The fungal pathogen Fusarium solani was obtained from the National University of Uzbekistan and was grown on potato dextrose agar plates (PDA; Difco Laboratories, Detroit, MI, USA).
Fungal isolate
The fungal pathogen Fusarium solani was previously isolated from diseased tomato plants grown in salinated Uzbek soil that showed typical Fusarium foot and root rot symptoms. The procedure for the isolation and identification of pathogen from tomato root was described in previous work by Egamberdieva et al. (2011) . Briefly, a small piece of tissue from the diseased plant was plated on potato dextrose agar (PDA) and incubated at 28°C in the dark for 5 days. A single microconidial culture was prepared from isolate. The pathogenicity test was carried out on tomato under controlled growth chamber conditions. A randomized complete block design experiment with five replicates was carried out to examine the pathogenicity of the isolated phytopathogen (F. solani) to fulfil Koch's postulates. Healthy tomato seedlings that had developed their second set of true leaves were transplanted into plastic pot (500 ml capacity) containing sand:peat-moss: vermiculite mixture (1:1:1, w/w/w) which infested with the phytopathogen (F. solani) as 2 ml of spore suspension (4 Â 10 7 spore/ ml). Control pots (without fungal pathogen) were used as references. The pots were incubated in growth chamber for five weeks at 27 ± 2°C, then symptoms of root rot disease were evaluated using the following formula.
Disease incidenceð%Þ ¼ Number of infected plants Total number of plants X 100
After 5 weeks, a piece of diseased root from a sick plant was removed and plated on a PDA plate followed by incubation for 5 days to isolate the pathogen. Prior to identification, fungus was grown on sterile filter paper placed on PDA agar. The filter paper containing the fungal hyphae was collected and ground in liquid nitrogen. DNA was isolated from pulverized fungal biomass using the Nucleon Phytopure kit (Amersham Biosciences GmbH, Freiburg, Germany). To identify the fungal isolates, the mtSSU rDNA sequences of two strains were analyzed. The mtSSU rDNA fragments were amplified using MS1 and MS2 primers (Zeng et al., 2003) and sequenced by ServiceXS (Leiden, the Netherlands). The sequences of the fragments were compared with those in GenBank using the BLAST program. The sequences of the two analyzed strains showed 99% similarity with the mtSSU rDNA sequence from Fusarium solani f. sp. glycines isolate 1-potato (GenBank Acc. N. AF125026). Therefore the isolates can be referred to as Fusarium solani on the basis of their mtSSU rDNA fragment sequences. Cl À = chloride. C T = total C. C Org = total organic C. N = total nitrogen. and P = total phosphorus. a Non-saline soil was collected from Tashkent province. Saline soil from Syrdarya province of Uzbekistan.
Salt tolerance of tomato plants
The tomato seeds were sterilized by immersion in 70% ethanol for 5 min followed by an immersion in 0.1% HgCl 2 for 1 min, after which they were washed several times with sterile water. Germination tests were carried out in Petri dishes (Ø 85 mm Â 15 mm) containing 1% water agar. Salinity conditions were generated by the addition of NaCl to final concentrations of 75, 100 and 125 mM NaCl. Twenty healthy and surface-sterilized tomato seeds were placed in each Petri dish and were arranged in a randomized complete block design with three replications. Eventually, the Petri dishes were covered with a polyethylene sheet to avoid the loss of the moisture through evaporation and were kept in the plant growth chamber at 28°C. The seeds were observed daily and the percent of germination was recorded after three days of incubation. Seeds were considered to have germinated when the emerging radicals were over 0.2 cm long. The lengths of roots and shoots of germinated seedlings were measured and recorded.
Plant growth promotion
The effect of inoculation with selected bacterial strains on the growth of tomato was studied under non saline and saline soil condition. Bacterial inoculants were prepared and the tomato seeds were sterilized as described in Egamberdieva et al. (2011) . Briefly, Pseudomonas strains were grown overnight in KB broth, and cell suspension was centrifuged. The cell pellets were suspended with phosphate-buffered saline (PBS; 20 mM sodium phosphate, 150 mM NaCl, pH 7.4). Tomato seeds were coated with bacteria by dipping the seeds in bacterial suspensions (cell densities of 10 7 -10 8 cells/ml).
Inoculated seedlings were sown in the plastic pots (7 cm diameter; 10 cm deep) and were set-up in a randomized design with ten replications. The treatments were: (i) un-inoculated seeds, and (ii) seeds inoculated with bacterial strains. The tomato plants were grown under non saline and saline soil for six weeks under open natural conditions with temperatures ranged between 26°C and 28°C during the day and between 12°C and 14°C at night. At harvest, the shoot lengths were measured and whole plants were dried to constant weight at 100°C and were weighed.
Biological control of tomato root rot by bacterial strains
Seeds were germinated and the seedling were sown into a plastic pot (capacity 500 ml) filled with non-saline and saline soil. The treatments were as follows: (i) control, without pathogen and bacteria, (ii), control with pathogen, and (iii) pathogen and bacteria. To prepare the fungal inoculant Erlenmeyer flasks (250 ml capacity) containing Potato-dextrose broth (Difco Laboratories, Detroit, MI, USA) were inoculated with 0.5 cm agar disc cut from 7 days old culture of the pathogenic fungi, F. solani. The flasks were incubated at 28 ± 2°C under shaking status (110 rpm) for ten days. The spores were removed using sterile glass wool and were adjusted to a concentration of 2 Â 10 7 spores/ml. Randomized complete block designs were used for treatments with four replications. Each treatment contained 24 replicate pots. The plants were grown for five weeks under open natural conditions with temperatures ranging between 26°C and 28°C during the day and between 12°C and 14°C at night and were watered as needed. At harvest, plants were removed from the soil, and roots were washed and examined for the symptoms of root rot.
Survival of bacterial strains on plant roots
Antibiotic resistant strains were used to determine the effect of salinity on the survival of inoculated strains. Rifampicin resistant mutants of Pseudomonas putida TSAU1, P. extremorientalis TSAU6, P. chlororaphis TSAU13, P. extremorientalis TSAU20, and P. aurantiaca TSAU22 were obtained by plating the parental strain onto KB agar plates containing 200 mg/ml rifampicin. After incubating for 5 days at 28°C, antibiotic resistant colonies having colony morphology and growth rate similar to the the parental strain were selected and transferred onto KB agar plates containing rifampicin. The plant seeds were sterilized, germinated and coated with rifampicin resistant mutants as described above. Plants were grown in plastic pots filled with potting soil for four weeks under greenhouse condition as described above. The plants were watered when necessary and salinity condition was established by addition of 75 mM NaCl. At harvest, the adhering soil was removed from the plant roots and 1 g of roots was shaken in 9 ml of sterile phosphate-buffered saline (PBS; 20 mM sodium phosphate, 150 mM NaCl, pH 7.4). The number of bacteria in the resulting suspensions was determined as colony forming units (CFU) using the dilution-plate method and KB agar containing 200 mg/ml of rifampicin. After incubation for 2-3 days at 28°C, the number of rifampicin resistant colonies was counted.
Greenhouse experiments
The strains which showed the best performance with respect to stimulating plant growth and controlling root rot of tomato plants were evaluated for their effect on tomato growth and yield under greenhouse conditions. The greenhouse experiment was carried out in the Tashkent province of Uzbekistan using a calcareous sierozem soil with 2.4% organic matter, N 0.1%, P 1.34%, K 7.1% and soil EC value of 5.6 dSm and pH 7.8. The bacterial inoculants were prepared as described by Egamberdieva et al. (2011) . The coated seed with bacterial inoculant and uncoated seeds were sown in pots (one seed per pot), containing a mixture of soil and biohumus (2:1, v/v). Seedlings were initially kept in a small greenhouse under semi-controlled environmental conditions (temperature fluctuating between 18 and 22°C). When seedlings reached the 2-4 leaf stage, they were transferred to an un-heated greenhouse and transplanted in six rows in each experimental plot (3 m Â 2.5 m). Intra-row spacing was 50 cm and rows were 60 cm apart. Four replicate plots per treatment were used (total 12 of treatments), and the experiment was set up in a randomized complete block design. The temperature in the greenhouse ranged between 24 and 27°C during the day and between 14 and 17°C at night. At harvest the plant height and total fruit yield were determined. The N, P, and K acquisition of plants grown under field conditions were determined. The shoots were separated from the roots and dried in an oven at 75°C for 48 h and then were powdered. Total nitrogen (N t ) was determined after dry combustion using a CNS elemental analyzer (LECO Corporation, St. Joseph, MI) according to DIN ISO 15178 (2001) . The P, K, and Mg contents were analyzed according to DIN 38414-S (1983).
Antioxidant enzyme activity
The plant extract used to measure enzymes activities was prepared as described by Ahmad et al. (2015) . Briefly, fresh leaves (10 g) were crushed in 50 volumes of 100 mM Tris-HCl (pH 7.5) containing 5 mM DTT (Dithiothreitol), 10 mM MgCl 2 , 1 mM EDTA (Ethylene diaminetetra acetic acid), 5 mM magnesium acetate, 1.5% PVP-40 (Polyvinylpyrrolidone), 1 mM PMSF (phenylmethanesulfonyl fluoride) and 1 lg ml À1 aproptinin. The homogenate was filtered using a cheese cloth and centrifuged for 15 min at 10,000 rpm. The enzyme-containing supernatant was collected after centrifugation. For the analysis of APX activity, tissues were separately homogenized with 2 mM AsA. All experiments were performed at 4°C. Activity of superoxide dismutase (SOD) (EC 1.15.1.1) was estimated according to Van Rossum et al. (1997) following the photoreduction of nitrobluetetrazolium (NBT). The activity of SOD was expressed as enzyme unit (EU) mg À1 protein.
One unit of SOD was defined as the amount of protein causing 50% decrease in the SOD-inhibitable NBT reduction. The method of Nakano and Asada (1981) was followed to determine the ascorbate peroxidase (APX) activity, with the absorbance read at 290 nm. The APX activity was expressed as EU mg Àl protein. Catalase (CAT) (EC 1.11.1.6) activity was determined according to Luck (1974) . The activity of CAT was calculated using the extinction coefficient of 36 Â 103 mM Àl cm Àl and expressed as EU mg À1 protein.
The activity of glutathione reductase (GR) (EC 1.6.4.2) was determined according to Carlberg and Mannervik (1985) with the absorbance read at 340 nm for 2 min. The activity of GR was calculated using the extinction co-efficient of NADPH of 6.2 mM À1 cm À1 and expressed as EU mg Àl protein.
Statistical methods
The statistical analyses were performed using the analysis of variance package included in Microsoft Excel 2007. Mean comparisons were conducted using a least significant difference (LSD) test (P = 0.05), student's t-test.
Results
Germination of seeds and seedling growth under salt stress
The effects of salinity on seed germination of tomato were evaluated in Petri plates using NaCl concentrations of 75, 100 and 125 mM. Seed germination was decreased slightly with increasing salt concentrations (from 75 to 125 mM NaCl), compared to the control seeds (water only). The observed seed germination was 89 ± 4.6% with distilled water and 76 ± 3.5% at 75 mM NaCl, 61 ± 4.9% at 100 mM NaCl and 47 ± 3.9% at 125 mM NaCl concentration. The heighest salinity assayed (125 mM) inhibited the root and shoot length of tomato seedling grown in pots for 10 days. NaCl concentrations of 100 mM reduced the dry weight of tomato by 27% ± 1.0 and 125 mM NaCl by 33% ± 0.6 compared to unstressed plants.
Plant growth in pots
The bacterial strains Pseudomonas putida TSAU1, Pseudomonas sp. TSAU5, P. extremorientalis TSAU6, P. chlororaphis TSAU13, P. extremorientalis TSAU20, and P. aurantiaca TSAU22 were selected to asses their plant growth stimulation properties in pot experiments. Three strains Pseudomonas sp. TSAU5, P. chlororaphis TSAU13, and P. extremorientalis TSAU20 significantly (P < 0.05) increased plant length by 13, 26, and 19% compared to the untreated control, respectively ( Table 2 ). The dry weight of tomato was significantly increased only by strain P. extremorientalis TSAU20. Saline soil had a negative effect on the stimulation of tomato plant growth by several strains, but not P. extremorientalis TSAU20. The bacterial strain TSAU20 increased the shoot length and dry weight of tomato plants by 28%, and 27% in a significant way compared with the untreated control ( Table 2 ).
Biological control of tomato root rot
The assayed strains were also evaluated for their biological control potential against tomato root rot caused by Fusarium solani under non-saline and saline soil conditions. The results showed that in non-saline soil that lacked F. solani, the percentage of diseased plants was 18%, while disease symptoms increased to 36% in saline soil (Table 3 ). All tested bacterial strains were able to Table 2 Effect of selected plant growth promoting bacteria on shoot length and dry weight of tomato growing in non-saline (EC value 2.3 dS/m) and saline soil (EC value 7.1 dS/m).
Bacterial strains
Non-saline Saline control tomato root rot caused by F. solani compared to the pathogen infected control plants without bacteria (Table 3) . Two strains P. chlororaphis TSAU13 and P. extremorientalis TSAU20 reduced the incidence of disease in plants by 23, and 14% under non saline conditions and by 42, 25% in saline soil compared to the Fusariuminfected control plants, respectively.
Survival of bacterial strains in the tomato root
The survival of bacterial strains in the rhizosphere of tomato grown under two different soil conditions was determined using rifampicin resistant mutants of Pseudomonas putida TSAU1, P. extremorientalis TSAU6, P. chlororaphis TSAU13, P. extremorientalis TSAU20, and P. aurantiaca TSAU22. The results showed that all five bacterial strains were able to colonize and survive on the roots of tomato plants (Table 4 ). However, their colonization was partly inhibited under salt stress (75 mM NaCl). Among these bacterial strains the rhizosphere colonization by P. chlororaphis TSAU13, and P. extremorientalis TSAU20 was higher under both soil conditions.
Greenhouse trials
The best selected bacterial strains P. chlororaphis TSAU13, and P. extremorientalis TSAU20 which showed growth stimulation in non salinated and salinated soil condition were chosen to test their effect on plant growth and fruit yield of tomato under greenhouse conditions. The treatment of tomato plants with P. chlororaphis TSAU13 increased the plant height of tomato by 16% and fruit yield by 14% compared to the uninoculated control plants. However, the effect was not significant, and only the effect of P. extremorientalis TSAU20 was statistically significant. The height and fruit yields of tomato inoculated with selected bacterial strains were significantly higher by 27% and 22% compared to un-inoculated plants respectively. The nitrogen, phosphorus and potassium content of plants inoculated with the both strains contained 20% and 33% higher nitrogen contents (Table 5 ). Higher phosphorus content was observed in plant tissues treated with P. extremorientalis TSAU20 (23%) compared to un-inoculated control. However, the potassium uptake of plants was not affected by bacterial inoculation, with exception of the P. extremorientalis TSAU20 strain, which produce a slightly increased K uptake.
Accumulation of antioxidant compounds and antioxidant enzyme activity
We studied the effect of selected bacterial strain P. extremorientalis TSAU20, which showed plant growth stimulation and biocontrol under saline soil condition (75 mM NaCl) on the some plant physiological parameters involved in defence systems against oxidative stress. Salt stress inhibited the plant fresh weight, whereas P. extremorientalis TSAU20 increased the plant biomass by 5% under non saline and 31% under saline soil condition (Table 6 ). Tomato plants grown under saline condition contained higher level of hydrogen peroxide in their leaves compared to control plants. Plants inoculated with P. extremorientalis TSAU20 showed a reduced level of H 2 O 2 by 47% under saline soil condition. The concentration of proline in leaves of tomato was also increased by the bacterial inoculation. The antioxidant enzymes in the plant tissue were also affected by bacterial inoculation under salt stress. A reduction in ascorbate peroxidase (APX) and glutathione reductase (GR) activities in leaves was 30% and 40% over the control plant grown under salt stress, respectively (Fig. 1) . The inoculation of plants with strain TSAU20 led to a 39 and 32% increase in SOD and CAT activitties compared to the control plants grown under salt stress respectively. Thus, the PGPR treatment led to an overall increase in antioxidant enzyme activity compared to the control. Table 4 The survival (log10 (CFU/g root) of rifampicin resistant mutants of bacterial inoculants in the rhizosphere of * tomato grown under non saline and saline conditions.
Treatments
Survival (log10 (CFU/g root) of rifampicin resistant mutants bacterial inoculants
Non-saline Saline
Pseudomonas putida TSAU1 3.45 ± 0.15 2.15 ± 0.18 P. extremorientalis TSAU6 3.58 ± 0.11 2.75 ± 0.17 P. chlororaphis TSAU13 3.61 ± 0.19 2.83 ± 0.18 P. extremorientalis TSAU20 3.65 ± 0.22 2.81 ± 0.28 P. aurantiaca TSAU22 3.29 ± 0.21 2. 43 ± 0.29 ±SD: Standard deviation. * Tomato plants were grown in a greenhouse conditions in potting soil for 4 weeks under non saline (0.5 dS/m) and saline (7.5 dS/m) soil condition. None 125 ± 3.7 13.9 ± 0.9 2.4 ± 0.2 0.42 ± 0.02 1.91 ± 0.06 TSAU13 145 ± 5.1 15.9 ± 1.4 2.9 ± 0.3 0.49 ± 0.03 1.89 ± 0.08 TSAU20 157* ± 4.2 17.0 * ± 0.7 3.2 * ± 0.1 0.52 * ± 0.01 2.10 ± 0.10
Tomato plants were grown in greenhouse for four months. the temperature range was: 22-24°C at day and 12-14°C at night. * Significantly different from the negative control at P < 0.05. 
Discussion
The plant beneficial microbes improve plant growth, nutrient acquisition, and stress tolerance to various abiotic stresses such as drought and salinity, and control plant fungal disease (Egamberdiyeva and Hoflich, 2003; Berg et al., 2013; Hashem et al., 2016; Vardharajula et al., 2011) . The alleviation of salt stress in plants by PGPR inoculants has been shown on various crops and vegetables, including licorice , and chili pepper (Park et al., 2013) . In our study, four PGPR strains stimulated plant growth of tomato, but the activity of some bacterial inoculants was reduced under saline soil condition. It has been reported that the root colonization and plant growth stimulating traits of plant growth promoting bacteria affected by biotic and abiotic factors, such as indigenous microorganisms, temperature, drought, salinity, and soil type (Compant et al., 2010) . Salt tolerant and root colonizing bacteria which are physiologically adaptated to abiotic stress could survive in such harsh environment and help plant to tolerate salt stress (Ahmad et al., 2013; Cho et al., 2015; Egamberdieva et al., 2015a Egamberdieva et al., , 2016 . The strain P. extremorientalis is a salt tolerant and potential root colonizing bacteria (Egamberdieva and Kucharova, 2009 ) that showed the best performance in plant growth stimulation of tomato under non saline and saline soil condition. Yao et al. (2010) reported that Pseudomonas putida strain isolated from alkaline soil could increase salt tolerance of cotton and growth in saline soil. We have also observed plant growth stimulation and biological control of cucumber by salt tolerant P. extremorientalis TSAU20 and P. fluorescens PCL1751 strains under saline soil condition (Egamberdieva et al., 2011) .
Previous studies showed that higher saline conditions increased the susceptibility of plants to plant pathogens (Sanogo, 2004; Triky-Dotan et al., 2005) , e.g. severity of Phytophthora root and crown rot in tomato was higher in salt affected soil (Swieckil and MacDonald, 1991) . We have also observed a higher incidence of tomato root rot in salinated soil. The inoculation of tomato with PGPR strains reduced tomato root rot caused by F. solani compared to the pathogen infected control plants under both non-saline and saline soil conditions. Rangarajan et al. (2003) also reported that Pseudomonas strains exhibiting antibiosis activity suppressed both bacterial leaf blight and sheath blight diseases in rice under both natural and saline soil conditions.
The survival of introduced bacteria in the plant root is crucial to generate significant effect and is dependent on the physiological adaptation of the introduced cells and, biotic and abiotic factors (Rekha et al., 2007; Cho et al., 2015) . In earlier studies the negative effect of salt stress on the colonization of bacteria introduced into the rhizosphere was observed (Sato and Jiang, 1996) . It has been found that salt tolerant bacteria that are able to survive in the rhizosphere of plants grown under harsh environmental condition through their persistence and proliferation in semi-arid soils (Paul and Nair, 2008; Egamberdieva et al., 2013) . The bacterial strains were salt tolerant (up to 3% NaCl) and showed potential root colonising abilities for wheat (Egamberdieva and Kucharova, 2009 ) and common bean (Egamberdieva et al., 2011) . In our current study the colonization potential of P. chlororaphis TSAU13 and P. extremorientalis TSAU20 strains was not inhibited by salt stress since they were able to colonize tomato root under saline soil conditions. The potential colonization ability of introduced strains is reported as one of the mechanism in the beneficial effects of introduced strains (Lugtenberg et al., 2001 ) and this ability of strains in our study was not inhibited by salinity. The involvement of auxin synthesized by bacterial inoculants in stimulation of root system of plants was reported previously (Remans et al., 2008; Egamberdieva, 2009 ). The bacterial strains P. chlororaphis TSAU13 and P. extremorientalis TSAU20 which were able to growth in medium containing up to 4% NaCl, were able to produce indole 3-acetic acid in medium containing up to 3% NaCl and showed antagonistic activity against plant fungal pathogens ). The salinity did not have a negative effect on their plant beneficial traits. The best selected strains increased plant growth and fruit yield of tomato under greenhouse condition. A similar observation was reported by Almaghrabi et al. (2013) , where an increased shoot dry weight, plant height and fruit yield was observed by inoculating tomato plants with P. putida and P. fluorescens. An improved root growth by bacterial inoculants facilitated plants to have better access to soil minerals such as nitrogen (N), phosphorus (P) and potassium (K). Abiotic stress is known to inhibit root systems, thus reducing plant ability to acquire nutrient resources in soil . In our study, tomato plants inoculated with TSAU 13 and TSAU20 strains showed better N and P uptake compared to un-inoculated plants.
Salt stress leads to enhanced cell membrane leakage due to an increased peroxidation of membrane lipids resulting in the loss of membrane integrity (Ahmad et al., 2015) . It has been demonstrated that root associated microbes may reduce the peroxidation of membrane lipids through an enhancement in free radical scavenging mechanisms, thereby strengthening the ability of membranes to withstand abiotic stress. Abd_Allah et al., 2015) . The accumulation of compatible osmolytes in plant tissues is increased under abiotic stress by their active role in osmotic adjustment, which helps plants to survive during hostile condition (Ahanger et al., 2014) . We have also observed an enhanced concentration of proline in tomato leaves inoculated with P. extremorientalis TSAU20. Similar result have been reported by Hashem et al. (2016) , where Bacillus subtilis inoculation of Acacia gerrardii induced synthesis of proline in plant tissue resulting in stress adaptation through the maintenance of tissue water balance in plants. It has been reported that plant associated microbes enhance antioxidant enzyme activities as systemic resistance tools against salt stress Hashem et al., 2016) . We have observed an increased activity of antioxidant enzymes such as SOD, APX and CAT which help to strengthen the antioxidant defence system. Heidari et al. (2011) and Heidari and Golpayegani (2012) reported on the upregulation of antioxidant enzyme activities in Osmium basilicum by PGPR inoculants. Increased activity of SOD and CAT alleviates stress damage by the removal of H 2 O 2 (Wu et al., 2014) . The stimulation of antioxidant enzyme activities in plant tissue reduces the chances of hydroxyl (OHA) radical formation thereby facilitating normal membrane functioning. The efficient detoxifications of ROS help to maintain normal physiological processes in plants under abiotic stress (Ahmad et al., 2015) .
In conclusion, our study suggests that salinity stress is not crucial for good performance in the plant growth stimulation and biocontrol abilities of PGPR strains. The salt tolerant and root associated Pseudomonas strains have a notable flexibility with respect to performing under different soil conditions. They are able to colonize root system, stimulate plant growth and increase the fruit yield of tomato under unfavourable condition. The bacterial inoculant also enhanced antioxidant enzymes activities thereby preventing ROS induced oxidative damage in plants, while also increasing proline concentrations in plant tissues, which is known to play an important role in plant stress tolerance.
